Abstract-Intracellular localization of histamine receptors in small intestinal smooth muscle of the cat was studied by investigating distribution of marker enzymes in the receptor rich fraction.
Abstract-Intracellular localization of histamine receptors in small intestinal smooth muscle of the cat was studied by investigating distribution of marker enzymes in the receptor rich fraction.
Distribution of membrane markers coincided with that of the radiochemically labeled receptor fraction. Membrane fraction was further purified and it was concluded that the histamine receptor rich fraction is mainly composed of cell membrane.
The chemical composition of the fraction lent support to this conclusion.
In our previous papers (1, 2) we reported data on the fractionation of histamine receptors of small intestinal smooth muscle in the cat. The radioactivity difference were investigated between the muscle labeled with radioactive dibenamine under protection with specific or non-specific drugs and the muscle without protective drugs. The fraction was obtained in which specifically labeled histamine receptors were concentrated. The specificity of the fraction was proved by examining the pattern of distribution of radioactivity differences in subcellular fractions of the muscle protected with specific drugs or with non-specific drugs which did not protect histamine receptors pharmacologically but did provide radiochemical protection. The present work deals with intracellular localization of histamine receptors in relation to distribution of enzymatic activities and the biochemical nature of histamine receptor rich fraction is discussed.
MATERIALS AND METHODS 14C-Labeled dibenamine was synthesized as reported previously (1) . Labeling of the longitudinal smooth muscle of cat small intestine was performed according to Procedure II of a previous paper (1) . Radioactivity difference was examined between the muscle labeled with hot dibenamine alone and that labeled with hot dibenamine in the presence of diphenhydramine (1 x 10-6 M), which could protect histamine receptors from dibenamine (4 x 10-6 M, 20 min). Labeled muscle was homogenized in the same manner as was reported previously (2) . To obtain a more purified receptor rich fraction, the procedure for pre paration of membrane fraction was modified as follows: by centrifugation at 15,000 x g for For individually more purified fractions (Table 2- Protein was measured by the microbiuret reaction (16) using bovine serum albumin as the standard. Lipids were extracted according to the method of Folch (17) and organic phosphate was determined according to the method of Fiske and Subbarow (18) after digestion with perchloric acid. Phospholipid content was measured by the method of Chen et al. (19) . A factor of 25 was used to convert 1' g phosphorus to ,ag phospholipid.
Extracted phospholipids were separated by thin-layer chromatography (20, 21) . Table 1 shows distribution of radioactivity differences and 5'-nucleotidase activity in subcellular fractions of the smooth muscle. Both values were not specific activities but rather percentages of the distribution. These two values were dispersed in all fractions although they were largest in 50,000 x g ppt fractions. Figure 1 shows the profile at 280 nm of sucrose gradient fractionation of the supernatant obtained at 15,000 x g centrifugation. The enzymatic activities and radioactivity differences of the first peak are listed in the column of `membrane fraction' in Table 2 . Table 2 shows the specific activities of various marker enzymes of intracellular com ponents in crude fractions (above) and individually more purified fractions (below). Each purified fraction had its own specific enzymatic activities or chemical composition. The Their ratio was particularly low in the membrane fraction. This implies high activity of true choline esterase. The ratio of activity in Na+ (110 mM) and K+ (10mM) containing medium to that in the medium free from monovalent cations, substituted by choline chloride, was used as the criteria of Na+-, K+-ATPase. This value was highest in the membrane fraction. This ATPase was rich in the membrane fraction. Activation of ATPase with Na+ and K+ in the membrane fraction was blocked (80%) by OLiabain (5 x 10-s M). With purification, membrane marker enzymes and radioactivity differences were decreased in fractions other than the membrane fraction, while such were increased in the membrane fraction. Table 3 shows chemical composition of the membrane fraction.
RESULTS
The fraction was composed mainly of protein and phospholipids. Ribosomes were scarcely contaminated as was concluded from the low content of RNA in the membrane fraction. Lipid com position is listed in Table 4 and resembled sarcolemma of skeletal muscles and not sarco plasmic reticulum (23) .
DISCUSSION
5'-Nucleotidase has been widely used as a plasma membrane marker (12) and a greater part of the activity is found in the membrane fraction.
As shown in Table 1 , the percent distribution of this marker closely paralleled that of radioactivity differences in all fractions, suggesting that the labeled receptor was attached to the membrane. Another marker of plasma membrane in excitable cells is true choline esterase. As the small intestinal muscle of the cat is cholinergically innervated, extrusive localization of this enzyme in receptor fraction indicates that the fraction consisted of fragmented plasma membrane. The locali zation of ouabain sensitive Na+-, K+-ATPase also indicates this.
As shown in Table 2 , distribution of specific activities of membrane marker enzymes (5'-nucleotidase, acetylcholine esterase, Na+-, K+-ATPase and Cat+-ATPase) were parallel, in general, to the radioactivity difference (nmoles labeled dibenamine/mg protein) and the degree of protection (2) . Before purification of subcellular fractions, membrane markers and radioactivity differences were found in all fractions but after purification of the parti culates, membrane marker enzymes and radioactivity differences decreased remarkably in fractions other than the membrane fraction. The greater part of these radioactivity differences seemed to be associated with the membrane. Thus modifications were made in the course of membrane purification.
Membrane fraction was obtained in the previous paper (2) by means of sucrose density gradient fractionation of 50,000 x g precipitate of muscle homo genates. Two broad peaks were obtained and one was much larger than the other. To avoid this aggregation, the supernatant was used for application on the gradient and 0.05 mM EDTA was added to the mediunm. EDTA was not added in the former experiments (1, 2) when the purpose was to study Call and Mg" movements in the membrane. The time of ultracentrifugation and g-value was increased to obtain more purified fractions. of the cell proved to be small. Among the smooth muscles, cell membranes of uterine smooth muscles were reported to be isolated by similar methods (24, 25) . The membrane fraction was washed with KCI solution in order to remove contaminated actomyosin. KCI treatment increased radioactivity differences and activities of marker enzymes of cell membrane and consequently purity of the receptor rich fraction as plasma membrane.
Labeled dibenamine itself, however, is non-specific in a chemical sense and radioactivity was found in all of the subcellular fractions in these experiments as was suggested in the case of a-adrenergic receptor labeling (26, 27) . Radioactivity difference was, however, localized mainly in the cell membrane.
These results confirmed that histamine receptors in the small intestinal smooth muscle of the cat are located on the cell membrane.
